Cystic endometrial hyperplasia (CEH)-pyometra syndrome is one of the most common diseases of noncastrated female dogs. However, determination of etiological mechanisms and differential diagnosis of CEH-pyometra syndrome are undefined. The aim of this study is to compare immunohistochemically the expression of cyclooxygenase-2 (COX-2) inflammatory mediator, Ki-67 antigen proliferation marker, vascular endothelial growth factor (VEGF-A) angiogenesis mediator and its FLT-1 and KDR receptors, and correlate with Doppler velocimetry of uterine artery and endometrial vascularization in bitches with CEH-pyometra syndrome. Bitches were allocated into CEH-mucometra Group (n = 13), Pyometra Group (n = 11), and Control Group (n = 8). Pyometra Group presented cytoplasmatic staining intensity for COX-2, VEGF-A, and FLT-1 and KDR receptors in luminal epithelium cells significantly higher compared to CEH-mucometra and Control groups. For the glandular epithelium, Pyometra Group had higher immunostaining score for VEGF-A and its receptors (FLT-1 and KDR). Hemodynamic indexes showed negative correlation with VEGF-A and its receptors as well as with COX-2. On the other hand, uterine vascularization score showed positive correlation in relation to immunostaining of COX-2, VEGF-A, and receptors in the endometrium luminal epithelium. In conclusion, uterus of bitches with CEH-pyometra syndrome show inflammatory process characterized by COX-2 expression, resulting in greater expression of proliferative Ki-67 marker as tissue response against the infectious agent. Furthermore, the increased VEGF-A expression and its receptors in CEH-pyometra reflect the increased blood flow and lower vascular resistance. Therefore, canine pyometra is characterized by an inflammatory, proliferative, and vascular disorder. Uterine changes of canine pyometra syndrome, 2017, Vol. 96, No. 1 
Introduction
Cystic endometrial hyperplasia (CEH)-pyometra syndrome is one of the most common diseases of noncastrated female dogs. However, the determination of etiological mechanisms and the differential diagnosis of the changes that comprise the CEH-pyometra syndrome in bitches are a challenge to studies aimed at reproductive disorders. Due to such difficulties, the definitive diagnosis is often made late, at the time bitches' systemic health is severely compromised, requiring surgical treatment (ovariohysterectomy, OHE).
The exact etiological factor of the CEH-pyometra syndrome is still unknown. However, a multifactorial influence is accepted, including the joint action of steroid hormones (progesterone and estrogen) during successive reproductive cycles, the influence of endometrial proliferation factors such as Insulin-like Growth Factor 1 (IGF-1), bacteriological toxic factors (mainly Eschericia coli) and endometrial remodeling by matrix metalloproteinases, culminating in endometrial changes characterized by exudative and degenerative inflammatory reaction [1] .
These changes increase susceptibility to ascending bacterial infection, with severe endometrial infection of systemic involvement [2] . The exact temporal and progressive mechanism in which such changes occur is not entirely known, making it difficult to characterize the endometrial changes associated with every pathological stage of CEH-pyometra syndrome. In addition, different theories regarding the clinical and histological classification of the disease impair the achievement of accurate and early diagnosis [3] [4] [5] .
For being conceptually an inflammatory disorder, it is assumed that pyometra involves endometrial proliferation changes, the action of inflammatory mediators, and consequently vascular changes of the endometrium. According to Silva et al. [6] , the expression of cyclooxygenase-2 inflammatory protein (COX-2) or prostaglandinendoperoxide synthase 2 is significantly higher in the endometrium of bitches with pyometra compared to healthy animals, showing that there is participation of inflammatory mediators in the establishment of pyometra in bitches. Moreover, previous studies have shown that bacterial uterine infection in dogs is responsible for the upregulation of genes involved in inflammatory cell extravasation (chemokine and cytokine genes), antibacterial action, innate immune responses, as well as proteoglycan-associated genes [7] . In comparison to CEH and mucometra, pyometra renders a uterine upregulation of metalloproteinase genes, mediators of the inflammatory response genes (CXCL8 and COX-2), and gene (SPLI) related to infection and inflammation modulation [8] . In addition, concurrently with the inflammation process, there is cell proliferation in the endometrium in response to growth factors secreted by inflammatory cells [9] . Hence, we hypothesize that pyometra in bitches is marked by the simultaneous expression of inflammatory mediators and endometrium proliferative pattern, which can be considered a differential characterization from diestrus and CEH-mucometra.
In inflammatory disorders, angiogenesis is activated by VEGF (vascular endothelial growth factor), an angiogenic mediator in many cell types mainly related to cytokines such as interleukin-1-alpha and interleukin-6 [10, 11] . VEGF acts through its FLT-1 and KDR receptors, which directly participate in the regulation of angiogenesis and induce cell differentiation and transport in the uterine lumen and glandular epithelium [12] . The activation of FLT-1 and KDR receptors by VEGF culminates in cell migration to the target tissue [13] . However, regarding the canine species, there are no studies correlating angiogenesis and hemodynamic changes in the uterus of bitches and the CEH-pyometra pathogenesis. Therefore, the evaluation of the inflammatory response, cell proliferation, and uterine hemodynamics as endometrial response to pathological changes could contribute to a better understanding of the mechanisms involved in the pathogenesis of this syndrome in dogs and, therefore, for the accurate diagnosis of the disease.
Thus, this study aims to compare the expression of COX-2 inflammatory mediator, Ki-67 proliferation marker, VEGF-A angiogenesis mediator and its FLT-1 and KDR receptors, and correlate with the Doppler velocimetry of the uterine artery and endometrial vascularization in bitches with different uterine disorders (CEHmucometra, CEH-pyometra, and control diestrous bitches).
Material and methods

Animals and experimental groups
This study followed standards established by the Bioethics Committee of the School of Veterinary Medicine and Animal ScienceUniversity of São Paulo, under protocol 2298/2011. Thirty-two bitches aged 2-13 years and body weight above 5 kg were allocated into the following experimental groups:
r CEH-mucometra Group (n = 13; with mean age of 5.9 years)-females with moderate, severe CEH or mucometra; r Pyometra Group (n = 11; with mean age of 8.5 years)-females presenting atrophic pyometra or hyperplastic pyometra; r Control Group (n = 8; with mean age of 4.3 years)-diestrous females with no uterine abnormalities.
The distribution of animals in the experimental groups was based on clinical evaluation prior to OHE and on histological findings according to the classification suggested by De Bosschere [3] . We considered as Control Group, clinically healthy bitches, with no inflammatory alterations or cysts on uterine histological analysis. On the other hand, CEH-mucometra Group presented uterine lumen filled with mucus with no cysts and endometrial atrophy with no endometrial glands; or endometrial reduced to a narrow annular stromal tissue. Bitches were allocated to Pyometra Group whenever they presented the following uterine histological findings: many large cysts, moderate to severe fibroblast proliferation; neutrophils, macrophages, lymphocytes, and plasma cells in variable proportions in the uterine lumen or endometrial glands; occasionally, necrosis, edema, ulceration, hemorrhages, abscess formation in blocked glands and squamous metaplasia of endometrial surface, severe inflammatory reaction endometrium and myometrium, endometrial atrophy with almost no glands, stroma, or cysts and myometrial hyperplasia [3] .
Females were submitted to elective or therapeutic OHE at approximately 45.43 ± 8.21 days after the last estrus (average of 5.5 weeks or the second stage of diestrus), identified from data obtained in the anamnesis (CEH-mucometra and Pyometra groups), or periodic monitoring through vaginal cytology (Control Group) for the characterization of the first day of diestrus.
Ultrasound evaluation through uterine Doppler velocimetry
Ultrasound evaluation was performed before anesthesia always by the same operator with 5.5 MHz linear transducer (Mindray ultrasound model M5). Females were placed in right and left lateral recumbence, and the evaluation was transabdominal. The anatomical location and measurements related to uterine diameter (left and right uterine horn and uterine body), presence of intraluminal content, and endometrial characteristics (thickening and cystic aspect) were initially carried out by the conventional B-mode in transversal sectioning. After surgery, uterine dimensions were confirmed through macroscopic evaluation.
The vascular dynamics of the right and left uterine arteries were measured after scanning the vessels through the B-mode. Measurements were performed preferably in the lateral region of the uterine body in longitudinal section using the bladder as an acoustic window. Color flow (CF) Doppler was first used to map the vessel and subsequently pulsed-wave Doppler was used to characterize the waveform. The blood flow velocity parameters (peak systolic velocity, PS; end diastolic blood velocity, ED; and time average maximum velocity, TAMAX) and hemodynamic indexes (resistance index, RI; pulsatility index, PI; peak systolic:diastolic velocity, S/D) were automatically calculated by the equipment software, using mathematical formulas or Pourcelot index. For the qualitative evaluation of the endometrial vasculature, scanning of uterine horns was preferably carried out in cross-section in B-mode, followed by CF Doppler. A score from 1 to 4 was adopted, with 1 as the minimum degree of endometrial vasculature and score 4, the maximum degree.
Histological evaluation of uterine fragments
Immediately after surgery, uteri were sectioned into three fragments according to the anatomic position: right uterine horn, left uterine horn, and uterine body. Each uterine horn was additionally separated into cranial, medial, and caudal segments. A fragment of 2 cm was collected from each uterine body and three fragments from each uterine horn, totalizing seven fragments collected from each bitch.
Uterine fragments were washed with 0.9% saline solution and fixed in 10% buffered formaldehyde solution for 24 h. After this procedure, fragments were stored in phosphate-buffered saline solution for later inclusion in paraffin. Subsequently, 5-μm histological sections were submitted to deparaffinization and stained with hematoxylin-eosin for evaluating the histomorphological appearance of the uterus (10-100×), thus enabling the structural differentiation among tissues. Histological changes were characterized by the size and amount of endometrial cysts, presence of edema, foci of hemorrhage, vascular congestion, increased size and number of endometrial glands, endometrial thickness, fibroblast proliferation, presence of polymorphonuclear cells in the lumen of glands in the endometrial stroma and myometrium, and presence of abscess, ulcers and glandular hyperplasia and metaplasia of the myometrium [3] .
Immunohistochemical reactions for COX-2, Ki-67, VEGF-A, and FLT-1 and KDR receptors
For immunohistochemical purpose, a total of two samples were analyzed per uterus from each bitch, selected based on macroscopic and ultrasonographic evaluations. The fragments showing the higher diameter and vascularization were submitted to immunohistochemical analyses. In general, the medial fragment of each uterine horn presented the higher diameter and vascularization degree. All immunohistochemical reactions were performed in duplicate, therefore a total of four histological slides from each uterus were submitted to immunohistochemical analysis.
To carry out immunohistochemical analysis with COX-2 and Ki-67, 5-μm fragments of the left and right uterine medial horns were used. Immunohistochemical reaction was performed with COX-2 primary antibody (Table 1) in 1:100 dilution with antigen retrieval performed in EDTA (Ethylenediaminetetraacetic acid) solution at pH 9. For the Ki-67 antibody (Table 1) , immunohistochemical reaction was performed with EDTA solution at pH 9 in 1:200 dilution. For the performance of immunohistochemical analyses with VEGF-A antibody (Table 1) , and FLT-1 (Table 1 ) and KDR (Table 1) receptors, 3-μm uterine fragments were used. Antigen retrieval was performed in citrate buffer at pH 6 with the primary antibody and subsequently in secondary antibody (Universal kit LSABTM + kit/HRP, Rb/Mo/Goat, Dako). All immunohistochemical reactions were accompanied by a negative control (tissue belonging to Pyometra Group or CEH-mucometra in which the primary antibody was not applied).
Analysis was performed by a single operator in microscope model Axio LabA1 (Zeiss) through photomicrographs made by Axio Cam ERC55 camera and evaluated in the ZEN 2011 software (Zeiss). For the analysis of COX-2, Ki-67, VEGF-A, KDR and FLT-1 markers, the endometrial tissue was divided into three cell clusters analyzed separately: luminal epithelium, glandular epithelium, and cells present in endometrial stroma. Only marked inflammatory cells were counted, as stromal fibroblasts presented no staining.
For the luminal and glandular epithelia, analysis was made using the relationship between two variables: percentage of stained area (0: negative to 5%; 1: 5-33%; 2: 33-66%; 3: above 66%) and staining intensity (0-negative, 1-weak, 2-moderate, 3-intense). Based on these variables, a score was defined by the following calculation: SCORE = Percentage of stained area × staining intensity.
For the analysis of stained cells for COX-2, VEGF-A, KDR, FLT-1, and Ki-67, 12 random fields were selected among those that contained glandular and epithelial tissue. Cell count was performed in different endometrial segments, trying not to repeat the same stromal, glandular epithelium and luminal epithelium portions. No overlapping of fields occurred by performing a sequential unidirectional analysis starting at a random point, ensuring nonrepetition of the cell count. Immunohistochemical evaluation was performed 
Statistical analysis
Data were analyzed using the SAS System for Windows 9.3 software (SAS Institute Inc., Cary, NC, USA). The effect of experimental groups was estimated by the SAS procedure PROC GLM. According to the normality of residuals (Gaussian distribution) and homogeneity of variances, differences among treatments were analyzed using parametric (PROC GLM for each factor alone or Least Significant Difference -LSD for combined factors) and nonparametric tests (Wilcoxon). Whenever necessary, data were transformed in order to comply with statistical assumptions. Differences among treatments were analyzed using PROC NPAR1WAY for nonparametric analysis of variance. The treatment was verified by the Kruskal-Wallis test, and the Wilcoxon test was used for multiple comparisons. Variables were also submitted to Pearson correlation analysis.
Results are expressed as mean and standard error. The significance level adopted was 5%, i.e., statistical differences among categorical for response variables were considered when P < 0.05.
Results
For ultrasound measurements of uterine body and horns performed in cross-section, no significant difference between control and CEHmucometra groups was observed (Table 2 ). However, in Pyometra Group, measurements regarding the diameter of the uterine lumen, body and horns and thickness of the uterine wall were higher than the other groups (P < 0.05).
In Pyometra Group, PS and ED blood flow speeds were significantly higher compared to control and CEH-mucometra groups ( Figure 1A ). There was no difference in the systolic peak speed (PS) between Control and CEH-mucometra groups ( Figure 1A) . In addition, the Pyometra Group had higher time average maximum velocity (TAMAX) compared to CEH-mucometra and control groups ( Figure 1A) . Similarly, for the hemodynamic indexes, the Pyometra Group had the lowest peak systolic:diastolic velocity (S/D), resistance index (RI), and pulsatility index (PI) compared to control and CEH-mucometra groups ( Figure 1A and B) . Due to differences in RI and PI values, the waveform also varied in relation to the blood flow pattern. In the Control Group, the waveform showed a highresistance flow pattern, characterized by the sudden decrease in the systolic peak velocity or presence of a reverse flow (Figure 2A and B). In the CEH-mucometra Group, blood flow was also characterized as high resistance, but with lower pulsatility compared to the Control Group due to the increased speed during PS and ED and absence of reverse flow ( Figure 2C ). In Pyometra Group, high PS and ED values and therefore low RI, PI, and S/D levels featured a continuous flow of high speed and low resistance ( Figure 2D ). Regarding the quantitative assessment of endometrial vascularization, the Pyometra Group showed maximum score of 4 (range 2-4), while in the Control Group, the maximum score was 1 and in the CEHmucometra Group, maximum score was 2 (range 1-2).
The Pyometra Group presented cytoplasmatic staining intensity for COX-2 ( Figure 3I ), VEGF-A ( Figure 4I ), and KDR ( Figure 5I ) and FLT-1 ( Figure 6I ) receptors in the luminal epithelium cells significantly higher compared to CEH-mucometra and control groups ( Figures 3II, 4II , 5II, and 6II). Furthermore, the immunostaining score of the luminal epithelium for KDR in the CEH-mucometra Group was higher than the control Group ( Figure 5II ). For the glandular epithelium, there was no difference between groups in the immunostaining score for COX-2 ( Figure 3II ). On the other hand, the Pyometra Group had higher immunostaining score for VEGF-A and its receptors (KDR and FLT-1; Figures 4II, 5II , and 6II). It was observed that the immunostaining score of the glandular epithelium for KDR in CEH-mucometra Group was higher than the Control Group ( Figure 5II ). The number of stromal cells with cytoplasmic staining for such antibodies was significantly higher in Pyometra Group than in the other groups ( Figure 5II ). In addition, the immunostaining score for Ki-67 in the endometrial stroma ( Figure 7I ) of CEH-mucometra Group was statistically lower than the Control and Pyometra groups ( Figure 7II ). Importantly, we did not obtain staining of the glandular and luminal epithelia when tissues were treated with anti-Ki-67 antibody, only in cells in the endometrial stroma.
Hemodynamic indexes (RI, PI, and S/D) showed significant and negative correlation with VEGF-A and its receptors as well as with COX-2 antibody for the luminal and glandular epithelium and stromal cells (Table 3) . On the other hand, uterine vascularization score showed significant positive correlation in relation to immunostaining of COX-2 and VEGF-A and receptors in the endometrium luminal epithelium (Table 3) . Additionally, positive correlation was found between immunostaining for COX-2 and VEGF-A in the luminal and glandular epithelium and stromal cells (r = 0:36; P = 0.004, r = 0.32; P = 0.01 and r = 0.42, P = 0.0005, respectively).
Positive correlation (r = 0.5; P < 0.0001) was observed between the staining score for COX-2 in the luminal epithelium and stromal cell count with positive staining for COX-2.
Discussion
In the absence of etiological detail at cellular and molecular level of CEH-pyometra syndrome in bitches, this study conducted a broad study of hemodynamic (Doppler velocimetry and identification of the VEGF-A angiogenesis marker and its KDR and FLT-1 receptors), inflammatory (identification of COX-2 inflammatory marker), and proliferative (identification of Ki-67 marker of cell proliferation) mechanisms in the uterine tissue of bitches with CEH-mucometra and Pyometra.
In women, the production of COX-2 inflammatory enzyme in the glandular epithelium and endometrial vascular endothelium is described in greater intensity during the secretory phase of the menstrual cycle [14] [15] [16] , which corresponds to the diestrus phase of the estrous cycle in female dogs. Therefore, a positive endocrine effect on COX-2 expression by endometrial epithelia is described. On the other hand, in our study, the endocrine profile of the different experimental groups was similar (progestational diestrus phase), assuming that the endocrinological profile did not influence our results. However, in the Pyometra Group, staining of the luminal epithelium and stromal cells for COX-2 was significantly more intense compared to CEH-mucometra and Control groups. Thus, this difference can be attributed to the presence of the infectious agent, which binds to and enters the luminal and stromal epithelium, unchaining local immune response by cells presenting surveillance antigens [17, 18] . Toll-like receptors present on the membranes of surveillance cells of the immune system in the uterine tissue bind to molecules present in the bacterial cell wall such as lipopolysaccharides (LPSs), lipoproteins, and peptidoglycan [17, [19] [20] [21] , triggering the release of chemokines and cytokines. These, in turn, will stimulate the synthesis of COX-2 by luminal epithelial cells, thus justifying the more intense staining observed in Pyometra Group. However, it is important to point out that such immunological response can vary according to the etiological agent, although Eschericia coli is the most common bacteria in canine pyometra [22] . In this regard, future studies comparing distinct bacterial influence on local immune response are necessary. The positive correlation between immunostaining for COX-2 in the luminal epithelium and stromal cell count stained for COX-2 observed in our study confirms that COX-2 expression is a feasible parameter to analyze the migration of inflammatory cells into the endometrial tissue, regardless of the pathological condition. However, in the case of pyometra, this immune mechanism is possibly linked to the action of prostaglandin E 2 (PGE 2 ) and other chemotactic mediators, which are activated due to the infectious process [6, 23] . Therefore, the increased presence of inflammatory cells in the endometrial stroma of female dogs with pyometra, compared to the other groups, can be considered the determining factor for the higher COX-2 expression in this uterine disease because inflammatory cells present natural production of COX-2 [21] . Conversely, the rare inflammatory cells present in the endometrial stroma in CEH-mucometra or diestrus (Control Group) represent the inflammatory cells that perform natural immune surveillance in tissues, especially dendritic cells of antigen recognition and capture in the mucosa [18, 24] .
In this study, no significant difference between experimental groups for COX-2 immunostaining in the glandular epithelium was observed. Therefore, we believe that the inflammatory reaction triggered by the infectious agent is directed to luminal and stromal compartments of the endometrial tissue in female dogs, and less intense in the glandular epithelium. However, it is interesting to note that both in Control (diestrus) and in CEH-mucometra groups, there is immunostaining for COX-2 in the luminal, glandular, and stromal cells of the endometrium, suggesting again that the hormonal stimuli common to the three experimental groups (progesterone action) is the stimulatory factor in the presence of local inflammatory, even in the absence of the infectious agent. In fact, the expression of COX-2 was also noticed in the uterus of diestrous rats, although in a less intense manner compared to pregnancy and parturition, suggesting that COX-2 is synthetized intrinsically by the uterine tissue under the influence of progesterone [25] .
In our study, staining for Ki-67 in the glandular and luminal epithelium was not observed, suggesting that the epithelial cell proliferation is not stimulated during the hormonal phase or in the uterine disorders under our study. On the other hand, during the metaestrus phase in rats, staining for Ki-67 was observed in endometrial stromal cells, myometrial cells, and glandular and luminal epithelium but minimal in the latter uterine segments, featuring a quiescent uterus at this phase [26] . In healthy sows, no staining in the endometrial epithelium and myometrium was observed during diestrus, but there was poor staining in the stroma [27] . Similarly, in our experiment, Ki-67 expression occurred only in stromal cells, demonstrating that the proliferative stimulation of the progesterone phase may be restricted to endometrial stromal cells. However, immunostaining for Ki-67 in endometrial stroma was higher in the Pyometra Group than in the other groups. The cause of this phenomenon can be attributed to the immune action on the uterine tissue, because after the installation of the infectious agent, the presentation of bacterial antigens to T lymphocytes triggers intense proliferative activity, giving rise to several clones that will act in specific response against pathogens through the activation of macrophages and B lymphocytes [17, 28] . Thus, a large number of T lymphocytes, B lymphocytes, and macrophages are sent to the mucosa to combat the infection [18] . In fact, pyometra bitches presented a thickened uterine wall (as observed by mode B ultrasound), in comparison to the other groups, suggesting an active proliferative mechanism of the endometrium. Additionally, the increased uterine body and horn diameters in the Pyometra Group represent a more intense exudative process as a consequence of the higher proliferative stimuli in the infectious uterine disease. Staining for Ki-67 in inflammatory cells in the endometrium of bitches from Control and CEH-mucometra groups can be justified by the presence of immune surveillance cells, such as tissue macrophages, which proliferate regardless of antigenic stimuli [18, 29] . This study shows that the significant difference among hemodynamic indexes in Control and CEH-mucometra groups illustrates the importance of Doppler ultrasound in the differential diagnosis of physiological and pathological processes in the absence of inflammation (endometrial hyperplasia and mucometra) during diestrus. The blood flow to the uterus is considered an important and modulator factor for endometrial hyperplasia in women [30] . Studies have shown that increased vascular resistance of the uterine or radial artery may be the factor responsible for the thinning of the endometrium in women [31] . Takasaki et al. [32] have postulated that the increase in uterine vascular resistance prevents the growth of the glandular epithelium and results in decreased expression of the VEGF. In the absence of VEGF, blood flow to the uterus decreases and results in a vicious cycle and endometrial thinning. We believe that this mechanism is similar in dogs, as this study showed negative correlation between immunostaining of the endometrium by VEGF-A and its receptors (FLT-1 and KDR) and hemodynamic indexes and positive correlation between immunostaining for COX 2 and VEGF-A in different segments of the endometrial tissue. Angiogenesis is generally quiescent in the adult body except under pathological conditions such as wound healing, cardiac ischemia, diabetic retinopathy, and tumor growth, as well as during physiological processes of the female reproductive system (ovulation, endometrial hyperplasia, implantation, and placentation) [33] . The angiogenic mechanism involves mediation of endocrine and paracrine factors (in particular VEGF), which lead to proteolytic degradation of the extracellular matrix, migration, and proliferation of endothelial cells, resulting in the formation of capillaries. In this study, the positive correlation between the endometrial vascularization score and immunostaining for VEGF-A and its receptors demonstrates the importance of the local angiogenesis in increased blood flow to the uterus. Moreover, in the presence of LPS and/or cytokine synthesized in response to LPS, there is synthesis of nitric oxide (inducible nitric oxide synthase -iNOS) enzyme culminating in increased vasodilators such as nitric oxide (NO) [34] . In tissues such as the human endometrium, NO is characterized by increasing the COX activity since prostaglandin production is mediated by NO [35] . Thus, it could be inferred that the installation and development of the inflammatory and infectious process in the endometrium is a stimulating factor for local angiogenesis and therefore the uterine vascular resistance is decreased. In fact, the positive correlation between immunostaining for COX-2 and VEGF-A suggests that there is an association between the stimulation of local angiogenesis and the simultaneous occurrence of uterine inflammation. Our results show that the shape of the hemodynamic wave during a cardiac cycle shows variation among groups, featuring differentiated uterine perfusion. During physiological diestrus (Control Group), blood flow in the uterine artery showed sudden drop in speed at the end of systole and early diastole, a phenomenon called notch, as well as the presence of reverse flow at the beginning of diastole, and both events are characteristic of a cardiac wave of high vascular resistance [36, 37] . In the presence of inflammation Stromal cells COX-2 r = -0.41; P = 0.001 r = -0.40; P = 0.001 r = -0.43; P = 0.0005 VEGF-A r = -0.68; P < 0.0001 r = -0.67; P = <0.0001 r = -0.69; P < 0.0001 FLT-1 r = -0.64; P < 0.0001 r = -0.68; P < 0.0001 r = -0.69; P < 0.0001 KDR r = -0.66; P < 0.0001 r = -0.74; P < 0.0001 r = -0.69; P < 0.0001 (Pyometra Group), the shape of the cardiac wave is determined by low-resistance and high-speed flow. We believe that in the Pyometra Group, such wave morphology of the uterine artery is directly related to endometrial neovascularization resulting from inflammation, which culminates in increased tissue perfusion. In fact, the endometrial neovascularization in the Pyometra Group is confirmed by higher immunostaining of VEGF-A and its receptors (FLT-1 and KDR) in relation to the other groups, along with increased expression of the COX-2 inflammatory marker. Similarly, the endometrial vasculature score was higher and more intense in the Pyometra Group. These findings show that Pyometra is characterized by tissue inflammatory mechanism (COX-2), which stimulates local angiogenesis (VEGF-A and its receptors) and thereby increases blood flow to the uterus (vascularization score). Therefore, it could be inferred that the uterine hemodynamic change in the pyometra installation is the triggering factor of the systemic disease and secondary organic complications, a situation not observed in CEH-mucometra patients. In addition, our results allow indicating color Doppler ultrasound as an adjunctive tool for the differential diagnosis of uterine disorders by verifying hemodynamic changes characteristic of pyometra. Thus, females diagnosed with CEH-mucometra should be monitored by Doppler ultrasound during progesterone dominance period for early identification of evolution of the disease and therefore, preventing the development of systemic changes.
In conclusion, the uterus of bitches with Pyometra show inflammatory process characterized by COX-2 expression, resulting in greater expression of the proliferative marker Ki-67 as tissue response against the infectious agent. Furthermore, the increased VEGF expression and its receptors in Pyometra reflects the increased blood flow and lower vascular resistance seen by Doppler ultrasound, featuring this method as a noninvasive and accurate diagnostic tool in the differential diagnosis of uterine diseases in dogs. However, the interesting results obtained here highlight the need for further studies, such as protein expression by Western blotting, in order to clarify our understanding of the uterine response to proliferation, vascularization, and bacteriological influence.
